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I TITUTED 185 

INS 1852. 


in any of its Publications, 


{ING FOUND ATIONS 


1806. 


briefly the chief met the surface parts of of New 


given in Fig. 1, which shows the principal topographical 


of that t territory before i it was built pee. zi The dotted portions near — 


_ shore line preee: the made land, » which it will be noticed is — 


4 _—s what were » formerly inlets from the East River, ane that there 


| Were ponds east and and north of of City Hall Square. | There s seems to have 
Pe been a natural waterway practically all the way from the North oe 

following about: the line of Canal Street and into Collect Pond, and 
from thence to the East River “near Chambers § Street. Notice should 


also of ‘the of Minetta Stream, which was formed 
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"stream fl m flowed th through what is now Washington ‘Square into an 
bers 
‘The lines indicating eleva- 


tions must not be allowed to ‘mislead; fa many cases the compart: 


-parto of the island to find ‘other than drifted or deposited material 


within the distance below th the surface which the foundations of 
"buildings are usually, built. This upper material i is mud, silt, sand, 
y from fine to ‘fine, ane grav hard stratum 


bel below it, where not ? rock, is generally an aly firm and compact 


‘surface of silt, clay and gravel containin nes of various sizes, 
which i is generally called hard- pan. | This i hard that, in = 
on the borings tal aken rground j 


‘rial about the cit) 
called bed-rock in the profile prepared for the proposed rapid : 

tunnel road is this material, in a low er Bro 

In its natural ‘condition in place i is so hard that for all the we nee 


that can come on it through <a construction of buildings i it may 


‘considered absolutely unyielding. It cannot be dug up except by 
pick or chisel, and in large excavati n be best loosened by blast- 


ing. itm may be well to state here tha of the Manhattan Life 


Insurance Building, t the weight of which 4 6 orne on fifteen caissons — Te 
‘proportioned to a pressure at their bases of 10.8 tons per square 


Bo foot, some of them rest on solid rock and some onthe compact stratum — Be 
= mentioned, and tl that not the slightest settlement | can be discovered. 


s to its safe fe bearing capacity, there can be no question but that it is Bri: | Fe 
well in excess of what under the pr ning law may be put 


upon it by means of a base, 1 0 lbs. inch or 10. 6 


4 As the . thoughtful engineer views the b 


bee 


and quick readjustment to new conditions. Buildings of the 
heights usual until recently seldom yet upon tl the earth supporting — 
‘them weights greater than 3 or 4 tons per square foot, and generally — 


“much less than ‘this. weights were distributed and spread wi! with-— 


out ety by th the common methods that had always been used. 
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course there was occasionally some particular case s 


manner, but these were never impor 
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or in the method of constructing them. Nor _ 
_ Was this necessary, because the earth held reasonably well the build- 7 
ings built upon it, and, too, the cost and probable life of the buildings : tas 
did not warrant a greater exp - 


| 
—_ 
enough to bring about any radical change, either in the general careless- 
 |_ ness with which the matter of foundations of buildings was considered, = ii 
| 
| 
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degr ee as to 


serious ‘settlement, nor ‘dia it put the under a pressur ew 


a would press it outward or upward if given an opportunity by a 


udden do 
buildings, wt the consequent great increase of weight, the old founda- 


nvited from overloading, | and the danger of 


= 


——— fact seems ie be strangely overlooked) one very largely of what vent 


ik» 
may be 4 given for the underlying material by excavations in the vicinity. 


It is not sufficient t that the weight put ‘upon the ‘soil should not not be so 
“great as te. cause ‘serious ecttloment. Under the conditions exis ing 


é this is not generally difficult, but the 1 material ‘must not be put under 


8 panes that will cause ittos squeeze out from below in in case an sii) 
is afforded by deep excavations nearby. It will become ‘appar. 


ere long that the erection of heavy buildings ‘resting 1 ‘upon 


‘or soil, they wataly overload, carrying: ‘their founda 


wrong to owners of the lots, besides being ‘itself a 


3 sighted economy, | because of trouble and lessened value of the build- 
- ings so built. For instance, the author knows of one building. of great 
: weight, a very excellent and costly ‘structure wi ith a 


foundation, which, however, rests simply upon | the f fine sand 1d into v hich 
it has settled slightly. settlement, as was anticipated, has Deen 


owen 


danger. of or disastrous settlement thet may take place from 
the operations ns of putting i in foundations of buildings i in the » neighbor- 


j 


great depth below their footings there i is ‘material, if it be like that re- 
—_ by the 1 nearby « operations, whick would be likely to squeeze out 

; under the existing pressure, if given a vent, especially if at the same 

24 time there is any exciting cause from jarring or pumping. The shor- 

ing and underpinning of | such | a building, while possible, would be 

; ee 4 vastly mere difficult and costly than for a building o but a few stories’ 

height. it would, for instance, cost probably ‘more ‘than $100 ned to 


care properly fe the building in question Ww when the 


e 
With the sudden doubling of the usual height of = 

tion became, in many cases, inadequate. pursued, 
“letting ac dow wn the ing material bj lateral flow became consider- 


3 able. hh fact, the problem of foundations for a heavy building, where | 
they are “not “carried to rock or hard-pan, has now become (and th this 


aware of the 


hood, even though at a considerable distance from them, for at at no A 
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i built | upon, , unless th the height of the > new building were kept 
* below what would now be e the height. of the most st suitable 
provement of the p property. yy. Under the present building law, when: ee: = 
structure is built alongside another and this latter has. its 
not than 10 ft. below the street t surface, the responsibility a and cost 
of caring for the old building must be borne by the owners of the new “a ye 
_ adjoining one. Thus i in the onne just ci cited, when the property along- 


the mentioned is adequately improved, the 


it under unusually great pressure, will cost the owners of 
= _ adjoining lots at least $100 000, benide any damage that they ma may cause 


- the old building . The question ¥ very y forcibly presents itself, whether 
the absence of specific statutes on the subject, the the. common on law 
‘cannot and should not be invoload to prevent any owner from putting 
the soil beneath a a new building | under such unusual pressure that it is 
J under dangerous tendency to squeeze laterally and thus us materially 
— limit his neighbor’ s future improvement, or else put him under great 
additional e: expense in carrying it out. Ine equity he should certainly 
= > required so so to use his own lot as not to injure that of | his neighbo ie 


It will be strange if this matter does not soon come up for or considera 


Where soils are overloaded there is extraordinary potency in Slight 
vibration, to couse settlement: where the conditions are favorable. “a 
oe 


Mikey 


Hoisting engines are frequently found to be exciting | causes in 
ducing unequal settlement in the a absence of unequal loading. In one 


in lower New York where a a very massive and well-built structure 


resting upon gravel and and sand cracked after it had been in use a con- a om 
‘siderable time, the only new condition introduced to which it seemed 


ossible to attribute the “settlement n manifested was pumping clear 


earby driven well. It seemed reasonable t to assume that 
,« he w water flowing through the sand made possible a slight readin 
ment of the particles which settled into closer union the vibra- 
tion of the machinery in the building. : 
most interesting thing often shown by the of buildings 
' is the frequency of movement of the entire mass of soft material in the 7 
vicin sends of rivers. . There isa locality in New York City where there i eis ca 


q 
ing a new foundation under this building. Thus the fact that 
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gust reason to believe motion to be place. For instance, 


certain large and well constructed building r resting u upon a well designed 
ra le foundation, and where the pil a 40 or 50ft. intothesilt, 
> oundation, and where es were, or 60: the si 
from m almost nothing | at end farthest ‘the river ‘to 
ft. at the the end nearest the river, , making a practical of part 
the structure building ‘was some 200 or 300 ft. from the 
showed that the piers had 


apparently. acted as buttresses to > hold it “back, but that between the 
>. 


piers ity was bowe ed c outward. This, in connection with other 


seemed to point inc indisputably to to a@ movement of the entire mass of t 

adjacent material toward the river, occasioned: by the weight of fille ae 
a. and buildings, and it seemed probable that this 1 mov vement 


The f first method that naturally co comes to jo mind for or providing. a better 


oy earth at customary depths i is that of driving piles, and eum thane 

reasonable certainty that these will always) remain wholly 


ssible foundation, considering its 
cost, buildings of considerable but not of the greatest weight. The 
New York building law } "permits a load of 20 tons per pile, and aa 

8 wi ill consider this, when fair- size p iles are used, to be q 


within good practice; but there are many cases where it is certainly 


< 


great mistake to take the aggregate.bear bearing capacity ofa pile founda- 


— 


tion to be the sum of the safe loads on the individual piles composing 4 


The sustaining power of a single pile may be said to be practically 


the sum of the friction which holds it on on the « sides, and the e resistance 


to penetration at its lower end. «dt is obvious that i in very many cases 
where s a large number « of piles are driven close to one another, the 


piles si simply replace so much material which has been displaced to to 
| 
make room for them. It is true that the material remaining about 


i them may by the | process of driving become so much more compact 


% that it increases s the friction and perhaps the res resistance to penetration "i 


4 at the low er ‘ends of | the piles; but if the stratum below the piles beat 
all” ‘yielding it is probably true that. the bearing capacity of the 
‘A is the of the ‘stratum below the piles plus q 
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entire mass penetrated by the piles. In other words, the piles merely 


an 

difficulty which is s apt to the of a 


good pile foundation for a building v very seriously where are 


the near then so compact that it is exceedingly 


— 

cult and sometimes impracticable to get the remaining g piles down to “4 
any thing like the depth. it may be comparativel ely 


is is readily overcome where nthe: use of the jet may be 
 Thisis often dangerousi in proximity to other b buildings, and, some- 
mes seriously cracks the adjoining building to drive piles ‘close to it. ; ae 


With regard to: to the piles | there 


is one building, the value o of which in the 


ae of f $1 000 000, built upon piles, the upper ends o of which it was found 
efore the completion of the building would be shortly exposed, ‘and 7 


is said that it was decided toe enclose the entire foundation in a 


‘80 to 0 speak, in the water is at a safe 


ago, and he found | them seriously decayed. ‘Throughout 


and sand deporita ¢ ad ‘the lower part of New there 


ust be v very great, ‘because thene are a vast number « of drive en wells “ 


water level at at any one point may may be ‘materially Iowered at 


by pumping from a driven well in the vicinity or from the con- 


stant int drainage of some leaking basement or other excavation. Thus 7S 29 xa 

it would seem that the of any rater Jew el in the city 


old Id style of of simple foundations, the first na natural thought is to increase 


= in s0 some way the spread dof the foundation so > that the unit weight on rp “vr 
the may be ke pt within allowable Chicago, where» 
cag 


— 
replace so much yielding material and _t 
— 
iim 
=: 
— 
— 
idering the provision of an adequate foundation for a build- 
ing. the weight of which seems to require somethin 
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the material on which the city is built consists generally of a thickness 


of 40 to 100 ft. of blue clay of more or less yielding character which | 
a can scarcely be loaded safely 2 tons per square foot, the general prac- nf 


tice has come to be that of proportioning the area of the column founda-— 7 BS. 

tions ina uniform ratio to the column loads inert them, i in order to te 


— called raft sy system of foundations, in prettng by alternate layers of 


i beams of lessening length, i it is practicable to spread the bearing 
to a sufficient extent. This method requires the minimum depth of 


Samia and gives the minimum amount of cellar space. . Sho Short of _ 


some method of carrying the bearings to a lower an¢ and more substantial 


stratum, as by piles or by excavation to bed- rock, , this would « seem to 


re a the best possible treatment of the problem under such conditions — 


exist at Chicago. That t this method should be at all satisfactory re- a 


quires a ‘comparativ rely ‘uniform condition of material under the entire 


a building, uniform in character, in compressibility, in softness andin 


This raft method has been employed i in some cas "cases in New York. — 


For ‘buildings i in the | lower part « of the city ‘it ‘is open t to the » objection: . 
that the conditions ux under the entire building a are not apt to be uniform, 

there is: _ oft ten serious 
under | the entire bu the material at may 


objection that at some part, if 
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future time. Of course, is a always the questio tion as 

the du durability of of steal beams, even though encased in concrete, where a 

they ar are below the water level. 

In eonsi¢ considering the loads to be provided for by the foundations for for 

the J Manhattan Life Building it » it was found that if piles were driven 


over the entire s space to be covered by the building, enough p piles « could 4 s 


no not b be di driven on the lot tos sustain | the building and and load the piles — 
within the. “permitted by the building law. Thus, unless 
“6 simple ‘method of spreading the foundations v was considered ‘satisfac- 


Ae tory, which in this case was out of the question, there was no way 


but to carry the column loads from the bed-rock, which was here 
a 54 ft. below the Broadway | street level. The - borings ta taken on the lot 4 
the existence oft more or and was feared t that 


in an sinflow of mate eri ial t that would endanger the edjoining 
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decided upon ‘the ws use of steel caiss caissons by the pneu- 
= 


matic pr and thus about the first use « of this 1 method. 


pressure, whieh holds b back : from ‘inflow an my y outside material; ‘second, . 


any ‘obstructions met with i in ‘the s sinking ¢ can be removed without seri- 


us difficulty « or delay; third, the bottom can be examined, , and,where ote, 
_hecessary, leveled 01 or stepped; the can be executed 


speed, because the caissons can be brought on the lot finished or ready — _ 
to put together, and while these are being sunk the brickwork to form - 
_ the permanent pier can be built ‘upon ‘them, 80 that when the excava- 
‘tion for each foundation is completed, the p pier itself is finished. This” 
‘method has been employed in obtaining foundations for the American — Fp, 


Surety Building and for the new Standard Oil Building, and its use is 


ntemplated in other buildings soon to be erected. F It would not seem mie 


worth while to deal in detail with ‘the construction and sinking of the a 
, because the general method is familiar t ough its application 
& 


o bridge foundations. Some points, } how owever, ‘shou uld be mentioned. 


In onal caissons with vertical sides, sunk the 
entire distance through earth, the friction is in much greater propor- = 
= tion than occurs in in bridgework. As soon as as the brickwork, built as as 
hi high a is s practicable, proves of insufficient weight to ) make t the caisson _ 
‘a follow the excavation | against the upward pressure of the a air rand the 4 . 


friction, ‘it becomes necessary te put ona temporary load. . This is 


2 
4 


done by piling ony pigs of iron. Another respect in which work 
"differs from bridgework is the fact that excavations in the material 


should preferably be carried on by means of a Moran or other lock ys 


Ww vithout permitting reduction of the air pressure. 


course when the depth to hard bottom is not great and there is 
“no ) running mat terial over it, the excavation may be made in the open — * 
- air under the protection of sheet piling, and this is in such cases the — 
simplest and cheapest means of doing the Work, Gir 


The foundations for then new Johnston building been su succees- 


‘fully putin in by means of open 1 wrought-ir -iron on cylinders sunk by by the onal pi ~ @ 
jet process. This metho method, while somewhat at cheaper t than the pneumatic, —_— 
would seem to be open to the objection that it might not permit insome | 7 
examination a1 and preparation of the bottom an and of build- 
ing the foundation in in nen and, too, should ould flowing | material under 


ud 
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possibly dangerous vent might be afforded. As yet the 


- process is the one safe and sure method for deep excavations, by y which - } 
dangers icksa other difficulties ean, , with certainty, 
and a foundation and this, too, 


‘ at a cost, where the conditions are determined, which can wn generally ~ 4 
es estimated with comparative certainty. 
hile the necessity of better than has heretofore obtained 
in building foundations for heavy y buildings tis happily becoming sede 
3 what more > apparent, it is hard to understand the general | lack of solic- — 


itudeo on a this point on the: part of those co constructing new ew buildings. ‘They 
oe generally content to let the judgment of their architect govern, who 
probably has never before had such a problem to solve. Having en 


engineer expert in foundations, and yet the writer ventures to say that ie 


- gaged him they fail to see the necessity. of employi ing in addition an 4g 


4 in most cases, aside from the other advantages, his fee would. be more i 


than saved by the. economy resulting. from his guidance. is probable 
4 that a sum not exceeding 3 or r 4% of the cost of 1 the er ntire ee | 


ig added to what the cheapest possible shallow feendahion would cost for a 
one of the very high buildings, would cover the extra cost of carrying 


its” foundations to the solid rock, when this i is within 70 or 80 ft. of f the — 


surface. ih many cases this extra cost would be om » than offset ie : 


the value of the a ‘additional story or stories that could be provided 


on hen an owner has once realized the importance of getting his 
1. foundations on the rock he generally ‘approaches the business treat- - 


‘ment of of the matter in ery narrow- minded and stupid manner. With 
a distrust born of the imposition of conscienceless contractors, he wants 


to be certain that his foundations will be completed for a given fixed 


and this i in advance of the determination of the various depths, 
“4 corrected weights, dimensions and so forth, , which is obviously i impos- 


oe sible without injustice either to him | or his contrac ctor. The proper 


a. way ! for this work to be done i is f for the owner to engage a party whose — i ‘a 
so integr ity and capacity he can trust to do the work for him, for its net a3 


actual cost st plus a fee as compensation | or profit. Such an — “ 


- a ment brings all interests into unison, permits much preparatory w work i 
si to be done before the work could be let by cc contract, and gives the = : 
to the « at what, and only what, should be be for 
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It results i in the best work 


be brought to the minds of architects and property-owners ‘that 


. If there is an | absence of that. 


build, they must be the economy of their inadequate 


This general of the subject treated. has offered 
in the hope that it will call forth valuable” discussion, and that 


. author i is not mistaken i in assuming the Society to. be the center fr om is 


‘which such good influences as are needed must emanate. 


C. Am. . Soc. C. E.—The paper refers to founda- | Mr. 


se tions of heavy buildings in New York City, but as pile foundations are 
not uncommon there, and as it is generally believed that piles cut off | 
arn the level of standing water are safe from decay, it may not be a ao 
i. irrelevant to call the attention of the Society to one case where ee 
4 
- ware River. These piles were cut off about 20) ins. below the leve 
low tide, the mean rise and ‘fall of which is about 5 ft. it is 
proper to remark, however, that the level of standing water within the ms aes 
_ enclosure of the fort, while it varies somewhat with the tides, does aia 
vary to the same extent, so that the lowest level standing 


In 0 other words, the ; piles we were cut off eee ae sae more than. 20 ins. 

below the level of standing water, and there is not the slightest doubt 3 

- but that the level of standing water has never yet been below the ope 
of the piles, yet some of these piles decayed to such | an extent near 
their tops that a stick could be pushed t through the decayed part — . > 
Several were broken off by the comparatively slight strain brought 


rs 
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in the quickest time, with 3 
freefOm- plove plants a5 ork progresses, and with th 
pleasantest relations of owner, architect and foundation builder. 
author wishes to apologize for the absence of detail in this 
& j L~ it was intended to present only generul considerations. The time woul ee 
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vm Hains. to steady the latter. The decay was apparently confined to the ane: d 
: = oe or 5 ft. of the pile, at least t that was found to be the case with one © 
examined. The decay was mostly confined to the sappy part of the 
cy stick; the heart was scarcely affected, and grillage timbers that rested — 


ris 7 that was pulled out, and was apparently the case v with all that were a 3 


5 ft. below the top the decay disappeared. 
< Pa _ The piles were of rather poor quality Chesapeake Bay pine from 


jured by ‘hard driving. The rings of annular growth in some cases 


2 was pulled out and found to 
be 27 ft. from the point to about 5 ft. below the 
top. Another stood a pull of 60 000 , and two broke off, a 


Tess pull, where the chain was attached. 


he » soil into which they were driven consists of a soft, bluish lack 4 


mud to a depth of about 42 to 45 ft. From that depth to 85 ft. various 

strata of sand are found, some some coarse. The sand strate. 
— plenty of water, the level of the latter rising in the well above | 
the! level of 1 mean tide. Below ft. there i is 8 said..t to be compact 
» 


Ss with indications of marsh 4 gas. i The piles had to carry a > ants load of 
about 30000 lbs. per pile, if the load was evenly distributed. Be-— 
tween the years 1859, when the fort was finished, pane 1866, the fort had 
— ae This experience » indicates that it is not alwa ays safe to assume that 
timber is below the level of standing water. 
Berg. W. G. Bere, M. A Am. Soc. C. E.—Many of the principlesand methods 
of construction described by the author with reference to foundations of 
= buildings can be employed very advantageously for general engineer- 
ing work. Attention should be directed to the desirability of the more © 
_ general use of iron and concrete grillage foundations for bridge piers 
and trestle bents located between the running tr tracks of railways or ad- 
a joining some other structure whure a deep and large foundation pit 


would be objectionable. In making comparative designs between the 


4 iron grillage foundation and the general method of spreading repel: 
4 tions by n means of m masonry and concrete offsets, it is annyereangy to note 


4 provided tee; the decrease it in nthe ai size of the bed, , the depth: and the: total. 
Ww eight of the foundation. The probable reason that the iron gillegs 


‘baildings can be to the ‘uncertainty in the minds of 


al great many engineers as to the durability of iron imbedded in concrete. — 
‘The outher admits that there is a question in this respect when the 


on the heads of the piles were found to be sound. The decayed part 2 
“was | greatest at the top and gradually decreased downward until il at ss 


a Gl pile foundations for buildings will remain free from decay even if the 
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} ON FOUNDATIONS OF BUILDING 
; placed below the water level. In « order to make the ‘system Mr. Berg. 
‘more popular and to allow the 1 use of iron in foundation work to be > 
f nn as good practice, it will be necessary to prove conclusively to 
the satisfaction of the most critical members of the profession that i iron B® as 
or steel will not deteriorate in contact with conerete. = 
CHARLES MACDONALD, M. Am. . Soe. ©. C. —The ‘Speaker was of the 
- opinion | that the high- water mark was the lowest level that any x 
_ property owner might be expected to go with his foundations, and 
that from 3 to 4 tons per square foot, distributed properly over the a 
New York sand a at that level, is certain to give good results. _ There — ie: 
— might be a settlement « of a small fraction of a an inch, such ashasoc- 
; ‘: curred in some of the largest buildings in the lower part of the city _ 
have been founded upon a concrete or on piles; but 


r of property 
believ es he can utilize the space from the rock to th , at a price 
which will remunerate him for the expenditure, that is a question of 
"business policy. and not of engineering. It is admitted that the author = 
_ of the paper is well equipped to put in foundations to the rock by the > % 
a pneumatic process; but the expediency of resorting to the increased ‘a 7 
expenditure involved in 80 doing should not be decided upon engi- 
‘ Grorce B. Post, Esq. —Fo or many years there was no no decision of the Mr. Post. 
a courts on the embarrassing connection between 10 ft. depth of founda- 
" tions and the liability of owners of property. It was not decided 
_ legally until recently whether there was a liability on the part of the © at : 
owner using due diligence and ‘ordinary ¢ care in erecting his building 


- for the settlement of an adjoining building, which was due either to rc3 i 
_ the compression of the soil adjacent to his foundation or to the friction pee weers 
_ of the walls of the two structures. _ A few years ago, a decision of the a 
Court of Appeals was made to the effect that every lot] has an ‘inherent 
right of s support in the adjoining so soil, and if that support is impaired, = : 
a Breage must be paid for doing so. Under this law, in one case where 
the greatest care had been taken in a building to prevent settlement, | 
Ss this nevertheless occurred, and after a long litigation the party who 
owas carrying on the work paid the cost of of repairing the the ‘adjoining 
a In a large district near Broad Street there is a true quicksand which 
with velocity. speaker once ) had sheet- 
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4 4 g to enable any individual to go down to rock for his foundation is a We “a ea 
that would see be bevond the professional point of view 
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concrete 
‘made’ in the hood, and by ra ramming this into the hole for twelv 
a hours, the movement of the quicksand was stopped. Meanwhile — 


lintels in buildings 200 or 300 distance were reported to hay 
- eracked. This is not the character of the soil over the eons part 4 
4 


_ Near the corner of Broadway and Ann Street, where the » speaker es 

greeting a high building, there are many lofty structures. The New 

_ York Post Office, a heavy granite building, is directly opposite, the 
Mail and Express and the Vanderbilt Buildings, Temple Court, the - 
= Potter, Times, World and Tribune Buildings all stand on sand, to 
3 they transfer a pressure of over 4 tons to the square foot with- : 
oat causing any serious settlement. Inthe case of the World Building 

_ the blank w fall c on the east side imposes a a of 47 tons on ig 


"where iron or steel is in direct contact with masonry it is thoroughly % 
ted n In pulling down the first Herald Building, 
worst pieces of iron he could find in the building. There 
were no bad examples found, and, where the mortar had been = 
a absolute contact ) with the paint, the paint itself was preserved. — oe 
prove that cement mortar has 
the faculty of preserv ing iron and steel toa great extent from vn ae 
and certainly of preserving from injury the paint which it covers. = 
_ Another point to be considered in determining the relative advantages — 4 


7 oof the caisson and grillage f foundations is that where caissons are used +) 


it is generally necessary to carry the weight of the building to them 
ty means of cantilevers or grillages, and it is hard to see how ie 
‘beams embedded in the concrete of a regular grillage foundation are q 
ing any more than such and small Grillages super-— 


neering The reason a well stone column eight diameters 
is, ‘graceful i is _ largely because this ‘is abot ut the limit such | a 


the architecture is generally bad, and w here the architecture is bad, ia 
Coorrr, M. Am. Soc. C. —E—This paper, from | one 
of presenting facts and principles from his experience which 
_ would be of value and interest to every member of the engineering pro-- 
is an unsatisfactory one. it vaguely overloading 


| theare and construction go hand i in hand; wherethe engineering is bad, 
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hile the speaker was not a great admirer of steel in concrete, the 
ti 
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soils,’ “great pressures ” 


lateral flow or undue loading. It leaves the infer 
that the only safe or satisfactory foundations for buildings in New 


are those rock. While there are places where “important 
buildings should be carried to the rock, the speaker did not believe 


G 
it necessary or possible to go to rock in the great majority of cases in 


that portion of the city lying below Twenty-third Street. It would be ii 


useless expenditure of money. a material can be found with 
sufficient bearing capacity to.carry safely the weight of the vanes 


it would be useless to go deeper than is necessary, 


_ In a general way there are four classes of materials within the busi- 
o~ district of the city, upon which buildings must be founded. 


Along the North River front the material is largely silt, which ee 


been sounded in places to a depth of 200 ft. without reaching rock. f 
: ‘The dock walls are floated upon this material in a satisfactory man- 
For two and more blocks back from the rive there is is made gr 
4 partially floating upon the silt. Along the old water-courses and over 
the former ponds and marshes, where the underlying material is silt 
or soft mud, there is also made ground. The most difficult founda- 
tions in New York City are on this made ground. The maximum 
earing capacity of such material depends almost entirely upon the jus 5 
- floating capacity of the soft silt or mud immediately below the filled _ os 
a material, for in many cases piles cannot be driven through the filled - airs 
material far enough into the lower and stiffer silt to increase its bear- — af 
ing power. c Moreover, the conditions may be changed by the loadings — 
on the neighboring ground. | One of the examples of defective founda- 


- about 40 ft. below the street grade; north of this point the rock coe 
ally the and occasionally crops out above the sur- 


“underlying ‘rock ‘which are filled with mud, clay or artificial: 


Between Fourth Street and Broadw ay and Bowling Green, with 
oom oe of the Canal Street district, the backbone of the island for “a , 


and where the important question as to the ay of going net nora 
_ for secure foundations must be considered. — La! 
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10 Mr.Cooper, 
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due to the filling in of adj 
failure was due to the filling in of adjacent ground. 
g | = png Rock can be obtained for foundations over a small area in the neigh- an — 
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Cooper 


have no bearing upon the main question, viz. : Can high and heavy ; 
buildings be founded securely upon the sand which underlies the prin 
ra - cipal business district of New York, or should all buildings of thi 

_ kind go to the rock below, regardless of cost and other conditions? = 


cont The answer to this question must largely hinge upon the hesaing 


capacity of this sand and its liability to be effected by future condi- 


tions. +The author acknowledges that ‘ until recently” buildings in 
New York seldom put upon the earth supporting them greater loads _ 
sper square foot than 3 to 4 tons, and the earth held such buildings —__ 
reasonably well. Plenty of buildings 10 to 12 stories in height have 


— 


been well supported with loads of 4 tons, and in some casesashighas 
8 tons; if these buildings were well supported under these pressures, 2 Sp] 
a using a small portion of their ground area, why cannot higher > 


buildings be equally well sustained by using the same units over a_ 
greater area of their base ? - Buildings 25 stories in height can be built: 
without exceeding 4 tons upon their full base. There are a number of | 

— high buildings which rest upon this sand and have for several years 
- without any signs of difficulty. Tests have been made which show 

_ that this sand, even of the finest kind, can sustain at the level of high 
Water loads of 6} tons per square foot under vibratory action without. 
_ showing the least evidence of movement after the first small initial 
settlement, and it is possible that even higher loads could be put upon 


hha nning water, from the flow 
_ of streams, springs or surface drainage, or when it is so quick under 
; _ saturation as to be forced out by the pressure, is not disputed. Fail-— 
at ures of foundations have occurred from this action, but generally the © 
en sand in the district under consideration does not flow readily even 
_ under pressures as high as 6} tons. The mean high-water level,which 4 : 
may be considered as the permanent water line, owing to the sluggish- _ 
ness of flow through this fine sand, is about 20 to 40 ft. below the _ 
‘Street grade. High buildings need all of this space for cellars and 
_ basements for machinery and storage purposes. It can be assumed 
then that the foundations of high buildings will go as low as this mean 
_ high-water line. At this depth there is no flowing water from surface | 
drainage, springs or tidal flow. The only other natural cause affect- 
wy ing the stability of the sand is the flow due to the pressure of the load 


_ therefore, in all genera] cases, foundations at this depth can be con 


The illustrations of faulty foundations given by the author would 

a | == ____ have been of general interest if the full facts had been given, but they _ = 

— 

— 

| 
a 

— 
it under such conditions without movement. The building law allows a 
tons; there has been no evidence produced to show that such : 
not safe and reliable. Proot to the contrary must be advanced 

before question can properly be made in regard to the reliability of 

sand is not a reliable material for foundations, when it is pos- 
— | 
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sidered secure under ] pressures not exceeding the usual “practice of 4 Mr. Conper. 
tons, unless they are injured by being undermined by the excavations 
‘This leads to the sécond branch of the Paper, v viz., that duty to ea 
neighbors requires high buildings 
expense. ‘The existing law and practice for many in this city 
has been to require in new excavations that all previous structures 
founded 10 ft. or more re below the atreet should | be and 


=> 
If the author intends to suggest the change only for high bella Ss 
ings, it is unnecessary, for ant interest will compel the owners to go 3 
as deep as the high- water line. if any owner desire to go lower, he 4 hd 
210uld do so at his o own expense and risk. Non new law can n effect 
existing rights under the present law. If any law istobeenacted in Ps 
reference to high building, such law, in the speaker’s opinion, should — ae 
: 3 restrict the height of any building by an equitable consideration of aa vie 
other people’s rights, or far below the heights already used. 
a am The author mentioned a building where the pile foundations 
have been surrounded by adam and a pump used to maintain the Ke 
_ water level about them. As this is a special case, though having no on 
bearing upon the question of suitable foundations, the speaker gave = 
Sprsmangih facts in regard to it. ‘This building, supposed to be a first-— 
class structure, was closed ‘out under a mortgage. ‘The 1 new owners” 
- found themselves in possession of a pretentious structure requiring = 
very large expenditures to be put in rentable shape. The building © 
was very extensively rebuilt, and desiring to. limit the expenditures at 
to a minimum until the ‘rentable value of the building could be ee 
determined, the owners accepted, under advice, this method of pro- pig 
 tecting the piles. In some advisory work on the = 


Se T. Purpy, M. Am. Soc. C. E.—If eaissons can be afforded and mr. Purdy. 
_ the money can be spent to support a building on rock by their means, a 
— there will probably be no trouble with the settling of the ‘structure ot 
afterward, but in Chicago, where the speaker had been engaged 
chiefly, the cost of caissons prohibited their use absolutely. Chicago i 3 
_ foundations ee, some of them an inch or two, and some of them pe 
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‘FOUNDATIONS OF BUILDINGS. 
Mr. Purdy. have been wrecked because of mentee settlement. The old post office 


i a is an mn example, which w was built o1 ona bed of « concrete ° spread 0 over the 


_ the Board of Trade to take the top off the tower of its building, and . 
4 mar what was the pride and landmark of Chicago citizens. Hence, in — 
new buildings it was recognized t that the problem was to 


make them so they would settle uniformly, ‘not to 
_ settlement whatever. It has rags demonstrated that if loads are calcu-— 


: of the concrete to the loads. 


* tiene proportioned to nae with the weights coming on them, so 
they will balance about their centers of gravity, the buildings will 2 
‘settle uniformly. impossible to predict how much the settlement 
- will be, as the data on the subject point to no uniform law or laws 
yo in this respect. The settlement in itself is not a cause of injury tothe 
structure, as is shown by a building in Chicago which has sunk 10 
J ns. without causing a crack in the ‘plaster. 
here grillage foundations are adapted ‘to the conditions of a 
fh. : structure and can be built more cheaply than other types, there is no 
me OS - good reason why they should not be used. Adjoining walls can be 3 
: cared for, as is done all the time in Chicago. Tt is an easy and not q 
2 % expensive matter to put s such a wall on pins ar and keep it there until 
- ‘ the building has s settled, which generally takes but a few months, and 
, the work is not so expensive as siti down through 80 ft. of soft clay 


and piles. It has ns a very difficult matter to pat i in = wach sounded 
tions without disturbing the surrounding property. The water- jet 
cannot be used in the soft clay underlying ‘Chicago, and it all 
difficult task to. push a an open caisson through this material, on ace 
count of its tenacity and the great friction between it and the skin of a 
_ the caisson. E. C. Shankland, M. Am. Soc. C. E., has recently tried — 
A driving short piles under the grillage and this may prove quite suc- 


a as ate its durability, but i iron has remained in concrete for 
_ twelve or fifteen years without injury. It is also to be noticed that 
n after a careful study of American and European construction of this — 
j type, it has been decided to build the subways of Boston of steel-con- _ 
construction, 1, the beams to be painted with a mixture of cement 
and water before being laid in the concrete. fe" ix 
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The same unequal settlement compelle 
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‘methods of founding as of be 

meet the new conditions in both economy and safety of construction. - 
Experience shows that the materials composing the substrataon Man- _ 
' hattan Island are very ; heterogencous i in 1 character, and w hile with the ey 


little unequal under loads of anything like 10 per 
_ square foot, the settlement will be so great as to become dangerous. © 
many places the underlying rock is very uneven, and the tendency to Bt. 
_ Tateral movement and splitting of walls is consequently very great. ‘ 
It is ‘manifest that under such « conditions the ordinary 1 rule of 
a definite increase in width of footings for each story of increase a 
height is not satisfactory or safe; and yet it is still considered all 
} sufficient | by most mechanics, because it is so provided in the building — 
sinking the New York caisson of the ‘New York and Brooklyn 
eS Bridge, 20 ft. of a very fine running sand was passed through, which 7 ae 
a did not appear at all beyond a diameter of about 50 ft. In a distance 
: of some 80 ft. the surface of the rock dropped 18 ft. In other parts 
of the island the declivities in the rock surface are much greater. <a Pe 
a * The old method of sounding 1 with a crow-bar after excay ating tothe 
_ specified depth must clearly give way to more scientific methods, and - 
q no foundation be constructed without an accurate knowledge of the con- _ 
formation of the underlying rock. From the writer’s experi¢ nee with 
- the water-jet he is inclined to endorse the opinion expressed in the Cina 
paper, that the pneumatic system is the safer method of founding in hs, 
all cases where there is fine material liable to run. It has the further . = 
advantage of enabling building to be done in the ary i inallcases. 
< GEORGE Hi, M. Am. Soc. E.. —The paper is disappointing, Mr. Hill. 
because it treats in a general ¥ way ofa subject. which isa special one 
4 to a very unusual degree, and demands for its proper solution _ 
_ ‘numerous specific examples as to cost of execution and time required 8 > 
for it it, in order't to enable the ) consulting or r architect to arrive 


: 
of has been of the « opinion that for the quneral case, some form of seed 
aq 7 foundation v was 5 all that was required for the support of a properly 


"sider from the reported prices paid | for the execution of the work, the 
months required for its execution, | and the damage done to ee : 
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on FOUNDATIONS | OF BUILDINGS. 

Hill buildings, there has been no reason for a change of view. The ai ia ee 

a execution of the work, the causes for what appear to be interminable _ 
a ‘delays, the | period when t the walls of adjoining | building cracked by 
=m ‘settlement, are all factors which might modify | the judgment were a 

they correctly stated, and consequently a statement by the author as = 
to what he had done and the cost of doing it, and the various circum- ‘ 


stances attendant thereon, would bave been of value. 


than solely to show the engineering g skill of its gio aga As a conse- 
quence it must have among other elements, and as the most important — 
of them: first, a good artistic effect; second, a minimum of cont; " E 
third, a maximum of aren available for useful purposes; fourth, a 
| minimum of material; fifth, a minimum of time required for its ite ereo 
a tion, and sixth, maximum desirability. 
These limitations demand therefore for ev ery large ‘building, 
- complete and skilful use of the skeleton method of construction, by — 
which is meant a steel skeleton secured against all vertical and hori- — 5 
zontal forces, to which i it be subjected ted; encased in a fire- -proof 
covering of ornamental character, the deep reveals being secured by 
‘turning the walls in at the windows rather than by thickening them, 
and the absolute elimination of all self-sustaining walls. ‘The require- 
_ ments of lighting limit the effective width of base, and consequently & 
the height to which it is “possible » to carry the building, ‘and brace it a 
_ properly against wind pressures. Unbraced buildings carried exces- _ 
sively high will, withiu a relatively few years after they are com- t 
oa pleted, sway so under wind gusts as to alarm their tenants. The cost _ 
of putting i in the upper stories and serving them passes very quickly re 
beyond the remunerative point. The writer, havi ing studied the prob- 
_ lem carefully, is of the opinion that the economical limit is at sixteen .- 
eT ‘stories, and that as soon as any experience has been gained, this will | 3 


a. ‘The | author limits the area under consideration to ‘that 
a New York wherein n the greater portion | of the area has a subsoil com- 
posed of a fine micaceous sand. On this the writer has repeatedly _ 
7 founded buildings in which the actual weights ranged from 23 to Sa. 
tons per square foot, with a settlement of from } to 4 in. * ‘The area of 
4 the lot, if properly utilized, is therefore more than adequate to carry @ 


the superimposed load of a 16-story building, which may be assumed % ; 
-_ being 75 Ibs. per square foot dead load for floors and framing, — Ss 


25 lbs. per square foot constant live load, or for a 16-story 
building a little over $ ton per square foot. ‘It the walls a are average 
at 220 Ibs. per square foot 200 ft. high, there would be 22 tons per — 
lineal foot of wall in addition, or about 7 ft. of extra width following " 
- around the wall lines. With such a construction it is possible to erect ci 
a and, at an expense of ‘about $2 a erection, to 
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support the walls of adjoining buildings and preserve i absolutely Mr. ~ 
= against settlement, by wedging up as the new footings go down; this — 
was actually done in the case” of building erected” under 


hen sinking caissons, the writer has ed that 


‘this alone, in spite of the fact that the wail i is to on 


In regard to spreading the load over the soil, the writer has made 
comparative ¢ calculations of the relative costs of using the Chicago _ we 
_ erib method | and the method advocated by him in an article in the Be ie 


American un Architect, and found the latter much more | economical of 


be em mnphasized as for the earnest 


places. First among these from the professional esiet of view comes _ 
the suggestion of the economical necessity of employing expert civil © 
in order to obtain the best results; the he description of the 
trary ‘methods now in vogue is accurate and ‘suggestive; the condi- 

tion portrayed is lamentable; and, as the author states, it is hard to - 
understand. Secondly comes the assumption that the Society is the 


| proper center as good influences, corrective of the bad condition, to pve 


"Thirdly is is the importance e of the engineer’ studyi ing 
4 understanding the surrounding conditions ofa where founda-— 


4 advising the client against the edoption of ait that will be the cause 
Of ultimate injury to neighboring property, constituting aclaimin 
_ The author’s grave suggestions of the evils of overloading a 
stratum that rests on softer material, causing lateral displacement or a 


4 squeezing out under the pressure, and consequent injury to other — 


one 


‘a 
buildings even at a considerable distance, are not overdrawn. ‘The 

; writer knows of cases in point, and especially of one in which all the 

_ buildings on the opposite side of a street for a considerable distance om 

were set in motion and some of them wrecked by such overloading. 
‘The conditions at present prevailing i in York are peculiar and and a 


"perience is valuable to all. The instance cited where the adoption of — =e 
a pile foundation was impracticable because the entire building space me 
Was insufficient to provide room for the number of piles required under ~ 
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ORRESPONDENCE ON FOUNDATIONS OF 


indiv idual piles. _In the writer’s paper on Uniform Practice in 
4 Ruiring," this question of ov erloading a stratum by driving piles too 


justing the unit in a foundation to of a 
building so as to obtain uniform loading, and the further considera- 
. tion of providing for the effects of vibrations, of machinery, wind, etc., 

_ Every foundation forms a special study and it is not exaggerating — ‘ 

4 oO we that in many cases it is the most important feature in the “es 


Ds tion and advice. ~The amount of money that owners could have ‘saved 

red 

has been 1 v ery gr eat, the same rash waste goes 
in numerous cases still, because the owner is not aware of the pecun- 

: eri value of the right kind of engineering advice, in addition to the 

a great mistake often made i is to > adopt a foundation, based on ex - 
perience of others elsewhere, before the site is examined to ascertain a 
its suitability. A thorough exploration and examination by afully 
consulting engineer should precede the architectural 

_ just as certainly as the search of title is a precedent of purchase, : and 
with the same end in view, v viz., , to guard the owner against injury. al 
A It would be a desirable measure for the Building Department to 

“collect systematically and plot data from every building 

2 and boring, of the geologic, topographic and hygrometric conditions 
of the strata e encountered, so that: in course 0 of time there would be 
built wy up a complete underground 1 map of the city, for the use of all. 4 é| 
_ Examinations disclosing suitable founding strata are as important = 


Mr. Thomson. T. KENNaRD ‘Tuomson, M. Am. Boe. C. E.—As the author points out 


the owner is for ‘the 1 safety of the walls, « even if 
are badly constructed or on entirely inadequate bearings. Sooner 
_ or later the owner of some of these insecure buildings will find that his 
confidence has been misplaced, for the construction of | the foundations 


sand from under the ov er-loaded Paneer when a bad collapse will 
me, be certain, and even the present building laws will not help him. ie 


WwW ould not some such as s the following be just to all parties: 
un- 
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dations of which are not carried to rock by means Of piles or Caissons, 
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the objections « of ete., raised by the a author ag agninet 
q foundations in the lower New York there is a great diffi- 
culty in making sure that the piles are driven to rock, for even a good seria @ 
- engineer will often have his doubts on this matter, to say nothing ye ae oa 
of a contractor cutting off the piles too soon when not watched. vide = os 
_ ‘There is at least one modern high building in lower New York on 2 
concrete foundation which is so heavily over-loaded that no reliable 
contractor would care to put in the foundations for buildings on the aa 
adjacent lots. Thea author is quite right in saying that it is true economy a 
to go to rock with a pneumatic c caisson for high buildings in a case like © 


this, for no reliance can be placed on a rock foundation it can be 
writer thinks that the is wrong in advocating a a force ac- 


> 


he be : sure that his men will alwa ays ays be as honest and capable as s himself. 

_ The following figures give the cost of some work done under a a 


‘Plant... 


a” 


On the. other hand, the writer has known cases the contract- 
— ors paid out from 20 to 40% more than they received, which better se, 7 
4 The New York building laws allow at present 20 tons on a timber oy 
a pile not less than 5 ins. thick, resisting power not stated; 15 tons on © 
‘solid rock, and 10.8 tons on concrete. As the author states, the a = A 
on the piles would be all right if the piles were big enough and long” ‘ 
_ enough, but even poor rock or concrete ought to be pgood for as much. — : 
The writer recently crushed four 6-in. cubes» of concrete nine 
months old. All were made of one part of Portland cement, two parts 
of clean sand and four parts of trap rock passing a 1j-in. ring. The first’ a a 
was loaded over its entire surface, and when the load reached 39 000 — 
i sides cracked off, leaving a block of concrete 4 ins. square by D. 
6 ins. high, which finally collapsed at 104 800 Ibs. or 2910 Ibs. per ta * 
square inch. The second, third and fourth had the load concentrated 
% on a4-in. block or 16 sq. ins. The second broke at 69 640 lbs. or an . “4 
4350 lbs. per square inch; the third broke at $4 300 Ibs. or 5 270 Ibs. © a 
sed Square inch, and the fourth ‘at 87 590 Ibs. or 5 470 Ibs. per a 


cement, and the last two of an equally w well- known American Portland. 
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Mr.‘Thomson. These cubes were made by the writer er while employed s as first 


— — _ engineer by Messrs. Jacobs and Davies, chief engineers of the New York 
=. and Long Island Construction Company and and through 
their courtesy he was s allowed to make the test. 


‘R. L. Harris, M. Am. Soc. C. E.—When the author's” company 
ee the foundation for the Manhattan Building in mew York reel 


ward and solved many interesting questions to the great, 


ement of securing foundations for heavy buildings, as also 


‘The author states: 4 4 


In one case in lower New York where a very massive and nee - 
“7 built structure resting upon gravel and sand cracked after it had been 
_ in usea considerable time, the only new condition introduced to which © 
it seemed possible to attribute the settlement manifested was pump- — 
; _ ing clear water from a nearby driven well. It seemed reasonableto 
- oa assume that the water flowing through the sand made possible a slight 
readjustment of the particles which settled a closer ‘union under 


Another reason may be given, which has been little ‘sanathead 
"43 Water occupies space in the ground and is a supporting element prac- a 
= tically incompressible; when excavations are mode below the ground 
water level, as for tunnels, deep cuts, sewers, etc., the ground fre 
oa 4 quently cracks and. opens some distance av away; in cases over 100 ft., ; 
_ endangering structures. The previous level of the ground-water has ie 
_ been lowered by the draining and pumping, and this evenly distrib- _ 
uted supporting medium has been withdrawn and its bulk displaced, __ 
except as elastic air may fill the voids. - A notable instance of this on + 3 


_ large scale occurred recently at New Orleans. Care, therefore, should _ 
be taken in sinking foundations below those of adjoining buildingsthat 
much of the water from their supporting ground be not abstracted ie = 

‘The author also speaks o of the dangerous effect of lowering the 

poy of ground- water in the case of pile foundations; this is some- 
: 7 times dangerous when the adjoining buildings are built directly _ 
_ wa In regard to the hydraulic method of sinking foundation caissons = 
a for the Johnston Building i in New York, it should be remembered that s 


age 


% 
| 
j 
— 
— 
— 
— 
_ 
| 
| 
— 
| 
— 
“al foundations in the owe years from 
Me Bont, Howr, d as an.engineering problem, ndent investigation ] 
ilding is regarde for an indepe ecring 
| eneral design, lication of engineerit = 
error in its gener he correct applicatior cessary. 
4 ‘ be any ade of each site and t € Col of construction necessa 4 
be ma¢ ermine the character o &§ 
would s would determine the charac 


fi 


for a building or a bridge, and ¢ the situation must always be studied 
with r regard to the character of the ‘soil and its liability to « change no 
the future. _ Serious errors in overloading soils have been made in the 242 
a q foundations of many large structures where they have been founded : 
directly upon wet loam and clay. . An investigation of a large number Pe? Fs ; 
ae failures of foundations throughout the » world has resulted in this x 
¥ conclusion, and has shown that this bad practice is still carried on pin ; 
iz certain parts of this country. Such soils have not the supporting _ a 
strength usually ascribed tothem. = 
jae From this fact it should not be inferred that a heavy building « can- 
: not be placed directly upon s such soils, but simply that the pressures _ iv = 
a must be reduced considerably below the apparent strength of the soil ~ 
_ when first tested and investigated. Althougha stratum of more or less : 
firm earth often overlies a softer, watery material, yet the pressure »" ~~, 7 
transmitted to the latter may | be, and often is, , beyond the amount — vn ee 
which it can carry safely. In the writer’s opinion this is without 
_ doubt the chief cause of the settlement of many Chicago buildings, _ 
_ viz., the compression of the softer underlying soil , although the load 
- upon the top stratum might be well within its own supporting power cm. 
There have been comparatively few failures of foundations placed 
upon confined sand. If there is every reason to believe that noextra- == 
neous conditions are likely to arise, such as deep excavations in the 
A neighborhood or the flooding of the site with water, then it is seldom b 
that a building is constructed, the foundation of which can not be de-— 
__ signed within such limits as to give perfectly safe pressures upon the aT 
"s = sand. When such modifying conditions are likely to arise, however, 
< and it is the duty of every engineer to investigate these, then recourse ; 
a must be had to other methods, but whether the end must be achieved ee 
y open cylinders, pneumatic caissons, or piles, appears to be a ques-— 
tion more or less undeterminate in advance ofa thorough investigation —_ = 


of the characteristics and of the si 
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